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Abstract
The Hamiltonian of the simplest super p-brane model preserving 3/4 of the D = 4
N = 1 supersymmetry in the centrally extended symplectic superspace is derived and
its symmetries are described. The constraints of the model are covariantly separated
into the first- and the second-class sets and the Dirac brackets (D.B.) are constructed.
We show the D.B. noncommutativity of the super p-brane coordinates and find the
D.B. realization of the OSp(1|8) superalgebra. Established is the coincidence of the
D.B. and Poisson bracket realizations of the OSp(1|8) superalgebra on the constraint
surface and the absence there of anomaly terms in the commutation relations for the
quantized generators of the superalgebra.
1 Introduction
As shown in [1] exotic BPS states preserving M−1
M
fraction of N = 1 supersymmetry can
be realized by static configurations of free tensionless super p-branes (p = 1, 2, ...) with the
action linear in derivatives1. These static configurations were described by general solutions
of the equations of motion of super p-branes evolving in superspace extended by tensor
central charge (TCC) coordinates. Because of the OSp(1|2M) global symmetry of the model,
its static p-brane solution was formulated in terms of symplectic supertwistors previously
used while studying superparticle models [3], [4], [5] and forming a subspace of the Sp(2M)
invariant symplectic space [6], [7]. As a result, the static form of the discussed supertwistor
representation of the BPS brane solution is not static in terms of the original superspace-time
and TCC coordinates. It is static only modulo transformations of enhanced κ-symmetry and
its accompanying local symmetries, since the supertwistor components are invariant under
1New Wess-Zumino like super p-brane models nonlinear in derivatives and preserving M−1
M
fraction of
supersymmetry were recently proposed in [2].
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these gauge symmetries, as shown in [8]. The unphysical p-brane motions related to the gauge
symmetries were geometrically realized as the abelian shifts [8] of the space-time and TCC
coordinates by the Lorentz bivectors (generally multivectors) generalizing vector light-like
Penrose shifts of the standard space-time coordinates [9]. Being inessential on the classical
level of consideration, these shifts may turn out to be essential in the quantum dynamics
of strings and branes. This necessitates quantum treatment of the model [1] in the original
variables that belong to the superspace extended by TCC coordinates and auxiliary spinor
fields. An interest to this problem is stimulated by a conjectured relation of the tensionless
strings with higher spin theories and free conformal SYM theories [10], [11], [7], as well as
by the presence of higher spins in the quantized OSp(1|2M) invariant model of superparticle
[12].
The Dirac analysis of the Hamiltonian structure of tensionless extended objects permits
to outline some peculiarities of their quantum dynamics [13], [14], [15]. For the case of
dynamical systems including the second-class constraints, such information is accumulated
in the Dirac brackets used during the quantization procedure. The brane model [1] contains
the first- and the second-class constraints in view of the linear character of the Lagrangian in
the world-volume time derivatives and the presence of the auxiliary spinor field parametrizing
the string/brane momenta. Construction of the Dirac brackets for the discussed super p-
brane model implies its Hamiltonian analysis with a covariant division of the first- and the
second-class constraints.
As an example we solve this problem here for the D = 4 N = 1 super p-brane model and
construct its Hamiltonian and Lorentz covariant Dirac brackets. We find that the Hamilto-
nian symplectic structure of the brane model encoded in the Dirac brackets is parametrized
by only one dynamical variable ρτ describing the proper time component of the vector density
ρµ. A covariant reduction of the phase space excluding ρτ leads to the appearance of a non-
local factor in the Dirac brackets depending on the light-like projection of the super p-brane
momentum. It exposes an important distinction of the brane dynamics from the superpar-
ticle dynamics which may turn out to be essential in the quantum picture. We start the
investigation of this problem and find the Dirac bracket (D.B.) noncommutativity between
the space-time, TCC and auxiliary brane coordinates. To study effects of the noncommuta-
tivity on the algebraic level we construct the D.B. realization of the OSp(1|8) superalgebra
of the global symmetry of the model. Established is the coincidence between the D.B. and
P.B. realizations of the superalgebra, but only on the primary constraint surface. Applying
the qˆpˆ ordering prescription, previously studied in [13], we consider a quantum realization
of the OSp(1|8) superalgebra and establish that its commutation relations are anomaly free
on the constraint surface.
2 Lagrangians for strings and branes with enhanced
supersymmetry and symplectic twistor
A new simple model [1] describes tensionless strings and p−branes spreading in the sym-
plectic superspace Msusy
M
. For M = 2[
D
2
] (D = 2, 3, 4 mod8) this superspace naturally
associates with D−dimensional Minkowski space-time extended by the Majorana spinor θa
(a = 1, 2, ..., 2[
D
2
]) and the tensor central charge coordinates zab additively unified with the
standard xab = x
m(γmC
−1)ab space-time coordinates in the symmetric spin-tensor Yab. The
supersymmetric and reparametrization invariant action of the model [1]
Sp =
1
2
∫
dτdpσ ρµUaWµabU
b (1)
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includes the world-volume pullback
Wµab = ∂µYab − 2i(∂µθaθb + ∂µθbθa) (2)
of the supersymmetric Cartan differential one-form Wab = Wµabdξ
µ, where ∂µ ≡ ∂∂ξµ and
ξµ = (τ, σM), M = 1, 2, ..., p are world-volume coordinates. The local auxiliary Majorana
spinor Ua(τ, σM) parametrizes the generalized momentum P ab = ρτUaU b of the tensionless
p−brane and ρµ(τ, σM) is the world-volume vector density providing the reparametrization
invariance of Sp. This action has (M − 1) κ−symmetries and consequently preserves M−1M
fraction of the original global supersymmetry.
By the generalized Penrose transformation of variables
YabU
b = iY˜a + η˜θa, η˜ = −2i(Uaθa), (3)
where η˜ is real Goldstone fermion associated with the spontaneous breakdown of 1
M
super-
symmetry, the differential one-form UaWabU
b is presented as
UaWabU
b = i{UadY˜a − dUaY˜a + dη˜η˜} ≡ dY ΛGΛΣY Σ. (4)
The new object Y Λ = (iUa, Y˜a, η˜) in (3), (4) is OSp(1|2M) supertwistor and GΛΣ =
(−)ΛΣ+1GΣΛ is OSp(1|2M) invariant supersymplectic metric
GΛΣ =
(
ω(2M) 0
0 i
)
=

 0 −δa
b 0
δab 0 0
0 0 i

 , (5)
which is the supersymmetric generalization of Sp(2M) symplectic metric ω(2M). In view of
(3) and (4), the action Sp (1) is presented in the supertwistor form
Sp =
1
2
∫
dτdpσ ρµ∂µY
ΛGΛΣY
Σ (6)
that is apparently invariant under the global generalized superconformal OSp(1|2M) sym-
metry. For the particular case of D = 11 the action (6) invariant under the OSp(1|64)
symmetry was considered in [16].
The original action (1) is invariant under (M−1) κ−symmetries since the transformation
parameter κa is restricted by only one real condition
Uaκa = 0, (7)
as it follows from the transformation rules of the primary variables
δκθa = κa, δκYab = −2i(θaκb + θbκa), δκUa = 0. (8)
It is easy to show that all components of the supertwistor Y Λ = (iUa, Y˜a, η˜) are invariant
under κ−symmetry transformations (7), (8)
δκY˜a = 0, δκη˜ = 0, δκU
a = 0, (9)
so that the new representation of Sp (6) includes only κ−invariant variables. Note that
in 4−dimensional space-time Y Λ contains only 9 real variables that is twice less than the
number of the original variables Yab, θa, U
a.
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3 Example of the OSp(1|8) invariant string/brane
model. Primary constraints
OSp(1|8) is the global supersymmetry of the massless fields of all spins in D = 4 space-
time extended by TCC coordinates [6], [7]. Therefore, we study D = 4 example of the
string/brane model (1) formulated in generalized (4+6)−dimensional spaceM4+6 extended
by the Grassmannian Majorana bispinor θa. In this case the D = 4 N = 1 superalgebra
{Qa, Qb} = (γmC−1)abPm + i(γmnC−1)abZmn (10)
includes the TCC two-form Zmn, and the matrix coordinates Yab are
Yab = xab + zab, (11)
where
xab = xm(γ
mC−1)ab, zab = zmn(γ
mnC−1)ab (12)
with the charge conjugation matrix C chosen to be imaginary in the Majorana representation.
Here we use the same agreements about the spinor algebra as in [1].
In the Weyl basis real symmetric 4× 4 matrix Yab is presented as
Ya
b = YadC
db =
(
zα
β xαβ˙
x˜α˙β z¯α˙β˙
)
, (13)
Cab =
(
ǫαβ 0
0 ǫα˙β˙
)
. (14)
In the D = 4 case the auxiliary Majorana spinor Ua(τ, σM) together with other auxiliary
Majorana spinors V a(τ, σM), (γ5U)a and (γ5V )a form a local spinor basis
Ua =
(
uα
u¯α˙
)
, Va =
(
vα
v¯α˙
)
, (Uγ5V ) = −2i, (UV ) = 0 (15)
attached to string/brane world volume and the γ5−matrix is
(γ5)a
b =
( −iδβα 0
0 iδα˙
β˙
)
. (16)
Respectively the linear independent Weyl spinors uα and vα may be identified with the local
Neuman-Penrose dyad [9]
uαvα ≡ uαεαβvβ = 1, uαuα = vαvα = 0. (17)
In the Weyl basis the action (1) acquires the form
Sp =
1
2
∫
dτdpσ ρµ
(
2uαωµαα˙u¯
α˙ + uαωµαβu
β + u¯α˙ω¯µα˙β˙u¯
β˙
)
, (18)
where the supersymmetric one-forms ωµαα˙ and ωµαβ are
ωµαα˙ = ∂µxαα˙ + 2i(∂µθαθ¯α˙ + ∂µθ¯α˙θα),
ωµαβ = −∂µzαβ − 2i(∂µθαθβ + ∂µθβθα),
ω¯µα˙β˙ = −∂µz¯α˙β˙ − 2i(∂µθ¯α˙θ¯β˙ + ∂µθ¯β˙ θ¯α˙).
(19)
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The momenta densities PM(τ, σM)
P
M =
∂L
∂Q˙M
= (P α˙α, παβ , π¯α˙β˙ , πα, π¯α˙, P αu , P¯
α˙
u , P
α
v , P¯
α˙
v , P
(ρ)
µ ) (20)
are canonically conjugate to the coordinates
QM = (xαα˙, zαβ, z¯α˙β˙, uα, u¯α˙, vα, v¯α˙, ρ
µ) (21)
with respect to the Poisson brackets
{PM(~σ),QN(~σ′)}P.B. = δMN δp(~σ − ~σ′) (22)
with the periodic δ−function δp(~σ − ~σ′), where ~σ = (σ1, ..., σp), for the case of closed
string/brane studied here.
As far as Sp (18) is linear in the proper time derivatives, it is characterized by the presence
of the primary constraints. These constraints may be divided into four sectors.
The bosonic Φ−sector includes the constraints Φ ≡ (Φα˙α,Φαβ , Φ¯α˙β˙) with
Φα˙α = P α˙α − ρτuαu¯α˙ ≈ 0,
Φαβ = παβ + 1
2
ρτuαuβ ≈ 0,
Φ¯α˙β˙ = π¯α˙β˙ + 1
2
ρτ u¯α˙u¯β˙ ≈ 0.
(23)
The constraints from the Grassmannian Ψ−sector, where Ψ = (Ψα, Ψ¯α˙), are given by
Ψα = πα − 2iθ¯α˙P α˙α − 4iπαβθβ ≈ 0,
Ψ¯α˙ = −(Ψα)∗ = π¯α˙ − 2iP α˙αθα − 4iπ¯α˙β˙ θ¯β˙ ≈ 0.
(24)
The dyad or (u, v)−sector is formed by the constraints
P αu ≈ 0, P¯ α˙u ≈ 0, P αv ≈ 0, P¯ α˙v ≈ 0,
Ξ ≡ uαvα − 1 ≈ 0, Ξ¯ ≡ u¯α˙v¯α˙ − 1 ≈ 0. (25)
Finally, the ρ−sector includes the constraints
P (ρ)µ ≈ 0, µ = (τ,M), M = (1, ..., p). (26)
The constraints forming Φ−sector have zero Poisson brackets (P.B.) among themselves and
with the Ψ−sector constraints
{Φ(~σ),Φ(~σ′)}P.B. = 0, {Φ(~σ),Ψ(~σ′)}P.B. = 0. (27)
They also P.B. commute with P αv , P¯
α˙
v , Ξ, Ξ¯ and P
(ρ)
M
{Φ(~σ), P αv (~σ′)}P.B. = 0, {Φ(~σ),Ξ(~σ′)}P.B. = 0, {Φ(~σ), P (ρ)M (~σ′)}P.B. = 0. (28)
The Ψ−constraints have zero P.B. with the constraints from all other sectors, but have
nonzero P.B. among themselves. Note that the constraints (23)-(26) do not contain the
space-time xαα˙ and TCC zαβ , z¯α˙β˙ coordinates as well as the ρ
M components.
To find all local symmetries of the brane action, it is necessary to split the constraints
(23)-(26) into the first- and second-class constraints. Then the P.B. of the first-class con-
straints with the brane coordinates will generate the local symmetries in accordance with
the Dirac prescription.
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4 Ψ−sector: (3⊕ 1)−splitting and first-class constraints
generating enhanced κ−symmetry
Here we find the Hamiltonian realization of the enhanced κ−symmetry generators. The
generators of κ−symmetry are included into the Ψ−sector (24) of the primary constraints
due to their Grassmannian graduation. To derive these constraints it is enough to study
only Poisson brackets among the Ψ−constraints
{Ψα(~σ),Ψβ(~σ′)}P.B. = −8iπαβδp(~σ − ~σ′) = −8i
(
Φαβ − 1
2
ρτuαuβ
)
δp(~σ − ~σ′), (29)
{Ψα(~σ), Ψ¯β˙(~σ′)}P.B. = −4iP β˙αδp(~σ − ~σ′) = −4i
(
Φβ˙α + ρτuαu¯β˙
)
δp(~σ − ~σ′), (30)
because of the commutativity of the Ψ−sector with the others. Then upon the multiplication
of (29), (30) by uβ(τ, ~σ
′) and u¯β˙(τ, ~σ
′), respectively, and using (17) we find
{Ψα(~σ),Ψ(u)(~σ′)}P.B. = −8iΦαβuβδp(~σ − ~σ′), {Ψα(~σ), Ψ¯(u)(~σ′)}P.B. = −4iu¯β˙Φβ˙αδp(~σ − ~σ′).
(31)
This means that Ψ(u) and Ψ¯(u)
Ψ(u) ≡ Ψαuα ≈ 0, Ψ¯(u) ≡ Ψ¯α˙u¯α˙ ≈ 0 (32)
are the first-class constraints. The Poisson brackets between the Ψ(u), Ψ¯(u) are the following
{Ψ(u)(~σ), Ψ¯(u)(~σ′)}P.B. = −4iΦ(u)δp(~σ − ~σ′) ≈ 0,
{Ψ(u)(~σ),Ψ(u)(~σ′)}P.B. = −8iT (u)δp(~σ − ~σ′) ≈ 0,
{Ψ¯(u)(~σ), Ψ¯(u)(~σ′)}P.B. = −8iT¯ (u)δp(~σ − ~σ′) ≈ 0,
(33)
where T (u) and Φ(u) are the constraints
T (u) ≡ uαΦαβuβ ≈ 0, T¯ (u) = (T (u))∗, Φ(u) ≡ u¯β˙Φβ˙αuα. (34)
The remaining two constraints from the Ψ−sector are presented by the projections
Ψ(v) ≡ Ψαvα, Ψ¯(v) ≡ Ψ¯α˙v¯α˙. (35)
Projecting the Poisson brackets (29), (30) on the spinors vβ(τ, ~σ
′) and v¯β˙(τ, ~σ
′) and summing
up the resulting expressions we find
{Ψα(~σ),Ψ(v)R (~σ′)}P.B. = −4i(v¯β˙Φβ˙α + 2Φαβvβ)δp(~σ − ~σ′) ≈ 0, (36)
where the real constraint Ψ
(v)
R is defined by the sum
Ψ
(v)
R ≡ Ψ(v) + Ψ¯(v) ≈ 0. (37)
The Poisson brackets (36) show that Ψ
(v)
R is the real first-class constraint.
Multiplying (36) by uα(τ, ~σ) we find
{Ψ(u)(~σ),Ψ(v)R (~σ′)}P.B. = −4i(v¯β˙Φβ˙αuα + 2uαΦαβvβ)δp(~σ − ~σ′) ≈ 0,
{Ψ¯(u)(~σ),Ψ(v)R (~σ′)}P.B. = −4i(u¯β˙Φβ˙αvα + 2u¯α˙Φ¯α˙β˙ v¯β˙)δp(~σ − ~σ′) ≈ 0.
(38)
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The Poisson brackets for Ψ
(v)
R with itself are
{Ψ(v)R (~σ),Ψ(v)R (~σ′)}P.B. = −8iT˜ (v)R δp(~σ − ~σ′) ≈ 0, (39)
where the real constraint T˜
(v)
R from the Φ−sector is defined as
T˜
(v)
R ≡ T (v)R + Φ(v) = T (v) + T¯ (v) + Φ(v) ≈ 0,
T (v) ≡ vαΦαβvβ, Φ(v) ≡ v¯α˙Φα˙αvα. (40)
Thus, the Ψ−sector constraints are split into the three real constraints Ψ(u), Ψ¯(u) and Ψ(v)R
belonging to the first-class and one real constraint Ψ
(v)
I given by the imaginary part of Ψ
(v)
Ψ
(v)
I = i(Ψ
αvα − Ψ¯α˙v¯α˙) ≈ 0. (41)
The calculation of the Poisson brackets for Ψ
(v)
I with itself yields
{Ψ(v)I (~σ),Ψ(v)I (~σ′)}P.B. = 8i(T (v)R − Φ(v) − 2ρτ )δp(~σ − ~σ′), (42)
resulting to the weak equality
{Ψ(v)I (~σ),Ψ(v)I (~σ′)}P.B. ≈ −16iρτδp(~σ − ~σ′), (43)
proving that Ψ
(v)
I is the second-class constraint. Therefore, value of the nonzero world-volume
field ρτ measures breaking of the fourth κ-symmetry of the brane model.
Using the definition of canonical Poisson brackets
{πα(~σ), θβ(~σ′)}P.B. = δαβ δp(~σ − ~σ′), {π¯α˙(~σ), θ¯β˙(~σ′)}P.B. = δα˙β˙ δp(~σ − ~σ′) (44)
we find the transformations of the θ−coordinates under the charges corresponding to the
first-class constraints Ψ(u), Ψ¯(u) and Ψ
(v)
R
δκθα = {
∫
dpσ′κΨ(u)(~σ′), θα(~σ)}P.B. = κuα,
δκθ¯α˙ = {
∫
dpσ′κ¯Ψ¯(u)(~σ′), θ¯α˙(~σ)}P.B. = κ¯u¯α˙,
δκxαα˙ = −2i(κuαθ¯α˙ + κ¯u¯α˙θα), δκzαβ = −2iκ(uαθβ + uβθα);
δκRθα = {
∫
dpσ′κRΨ
(v)
R (~σ
′), θα(~σ)}P.B. = κRvα,
δκR θ¯α˙ = {
∫
dpσ′κRΨ
(v)
R (~σ
′), θ¯α˙(~σ)}P.B. = κRv¯α˙,
δκRxαα˙ = −2iκR(vαθ¯α˙ + v¯α˙θα), δκRzαβ = −2iκR(vαθβ + vβθα).
(45)
To connect the transformations (45) with the original κ−symmetry transformations (8) let
us expand κα in the dyad basis
κα = −(κβvβ)uα + (κβuβ)vα = −(κβvβ)uα + [Re(κβuβ) + iIm(κβuβ)]vα. (46)
Then the transformations (8) are presented in the form
δκαθα = −(κβvβ)uα +Re(κβuβ)vα, (47)
in view of the condition Im(κβu
β) = 0 equivalent to (7). Comparison of (45) and (47)
shows that the transformations (45) are the original κ−symmetry transformations with the
complex parameter κ and the real parameter κR connected with the original parameters κα
by the relations
κ = −καvα, κR = Re(καuα). (48)
Therefore, we proved that the first-class constraints Ψ(u), Ψ¯(u) and Ψ
(v)
R are the generators
of three κ−symmetries since their Poisson brackets are closed by the constraints from the
Φ−sector. We shall comment these Poisson brackets in the next section, where the division
of the Φ−sector into the first- and the second-class constraints will be considered.
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5 Φ−sector: (6⊕ 4)−splitting and first-class constraints
generating new local symmetries
The Poisson brackets (33) of the κ−symmetry constraints Ψ(u) and Ψ¯(u) are closed by the con-
straints Φ(u) and T (u) (34) from the Φ−sector. Let us show that the latter constraints are also
the first-class ones. It is easy to see that the constraint Φ(u) transforms the x−coordinates
but leaves all other variables in Sp (18) intact. The transformation of the x−coordinates is
δΦ(u)xαα˙ = {
∫
dpσ′ǫΦ(u)Φ
(u)(~σ′), xαα˙(~σ)}P.B. = ǫΦ(u)uαu¯α˙ (49)
and is the local symmetry of the action Sp (18)
δΦ(u)Sp =
∫
dτdpσρµuα∂µ(ǫΦ(u)uαu¯α˙)u¯
α˙ = 0 (50)
due to the relation (17) uαuα = 0. Consequently, the constraint Φ
(u) is the first-class one.
The transformation (49) is the local shift of xm along the light-like 4−vector (uσmu¯)
δΦ(u)xm = −
1
2
ǫΦ(u)(uσmu¯) (51)
and can be rewritten as a weak equality
δΦ(u)xm ≈ ǫ˜Φ(u)Pm, (52)
where Pm = −2P α˙ασmαα˙ and ǫ˜Φ(u) ≡
ǫ
Φ(u)
ρτ
. On the contrary, the constraints T (u) and T¯ (u)
change only the TCC coordinates zα
β
δT (u)zαβ = ǫT (u)uαuβ, δT¯ (u) z¯α˙β˙ = ǫ¯T¯ (u)u¯α˙u¯β˙, (53)
as it follows after utilization of the canonical Poisson brackets
{παβ(~σ), zγδ(~σ′)}P.B. = 1
2
(δαγ δ
β
δ + δ
α
δ δ
β
γ )δ
p(~σ − ~σ′). (54)
The transformations (53) do not change the action (18)
δT (u)Sp =
1
2
∫
dτdpσρµ[uα∂µ(ǫT (u)uαuβ)u
β + c.c.] = 0 (55)
and, consequently, are the first-class constraints too.
To establish the geometric sense of the transformations (53) let us multiply them by (σmnε)
αβ
and (σ˜mnε)
α˙β˙ , respectively, and sum up the results. Then we find
δT (u)zmn = −
i
4
[ǫ
(R)
T (u)
(uσmnu+ u¯σ˜mnu¯) + ǫ
(I)
T (u)
(uσmnu− u¯σ˜mnu¯)] (56)
using the relation [17]
zmn = − i
4
[zα
βσmnβ
α + z¯β˙ α˙σ˜mn
α˙
β˙ ] (57)
connecting the spinor representation zαβ of the TCC coordinates with the tensor represen-
tation) zmn = −znm. In terms of the Majorana spinor Ua (15) the transformation (56) is
presented as
δT (u)zmn =
i
8
[ǫ
(R)
T (u)
(U¯γmnU) + ǫ
(I)
T (u)
(U¯γmnγ5U)], (58)
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with the real parameters ǫ
(R)
T (u)
and ǫ
(I)
T (u)
ǫ
(R)
T (u)
=
1
2
(ǫT (u) + ǫ¯T¯ (u)), ǫ
(I)
T =
1
2i
(ǫT (u) − ǫ¯T¯ (u)). (59)
Now let us take into account the observation [18] that the bivectors (U¯γmnU) and (U¯γmnγ5U)
are null tensors, i.e.
(U¯γmnU)
2 = 0, (U¯γmnγ5U)
2 = 0. (60)
This means that T (u) and T¯ (u) generate the local shifts of zmn along the isotropic bivectors
(60) and these shifts are a natural generalization of the vector light-like shift (51). On the
other hand, these shifts may be presented as the local shifts along the TCC momentum
δT (u)zαβ ≈ −2ǫ˜T (u)παβ , δT¯ (u) z¯α˙β˙ ≈ −2¯˜ǫT¯ (u)π¯α˙β˙ (61)
if the primary constraints (23) are taken into account. Thus, the Poisson brackets (33) can
be presented in the form including only the first-class constraints
{Ψ(u)(~σ), Ψ¯(u)(~σ′)}P.B. = −8i(uP u¯)δp(~σ − ~σ′),
{Ψ(u)(~σ),Ψ(u)(~σ′)}P.B. = −4i(uπu)δp(~σ − ~σ′),
{Ψ¯(u)(~σ), Ψ¯(u)(~σ′)}P.B. = −4i(u¯π¯u¯)δp(~σ − ~σ′),
(62)
where the r.h.s. of (62) are the vector P α˙α and the tensor παβ momenta projections on the
isotropic (bi)vectors.
The next first-class constraint from the Φ−sector is the constraint T˜ (v)R (40), which closes
the Poisson brackets (39) for the extra κ−symmetry generator Ψ(v)R . To prove this observation
let us note that T˜
(v)
R transforms only the variables from the Φ−sector xαα˙, zαβ , z¯α˙β˙
δ
T˜
(v)
R
xαα˙ = ǫT˜ (v)
R
vαv¯α˙, δT˜ (v)
R
zαβ = ǫT˜ (v)
R
vαvβ, δT˜ (v)
R
z¯α˙β˙ = ǫT˜ (v)
R
v¯α˙v¯β˙. (63)
Using the transformations (63) we find
δ
T˜
(v)
R
Sp =
∫
dτdpσρµ∂µǫT˜ (v)
R
[(uαvα)
2 − 1] = 0 (64)
and conclude that this transformation is a local symmetry of the brane action (18). The
symmetry transformation (63) describes local shifts of xm and zmn coordinates along the
second light-like direction (vσmv¯) formed by the dyad vα. But, unlike the light-like shifts
(51), (53), the shifts (63) are admissible only due to the mutual cancellation between the x
and z contributions into the action variation (64).
This result hints that shifts in the directions transversal to the light-like ones uαu¯α˙, vαv¯α˙
and uαuβ, vαvβ may be the symmetries of the action (18) too. To answer this question let
us remind that the real basic orts m
(±)
n of the local tetrade which are orthogonal to the real
light-like orts n
(±)
n are given by [17], [18]
m
(+)
αα˙ = uαv¯α˙ + vαu¯α˙, m
(−)
αα˙ = i(uαv¯α˙ − vαu¯α˙). (65)
The local shifts of the x-coordinates in the transverse directions m
(±)
αα˙
δΦ(+)xαα˙ = ǫΦ(+)m
(+)
αα˙ , δΦ(−)xαα˙ = ǫΦ(−)m
(−)
αα˙ (66)
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generated by the constraints Φ(±)
Φ(+) ≡ Φα˙αm(+)αα˙ ≈ 0, Φ(−) ≡ Φα˙αm(−)αα˙ ≈ 0 (67)
change the action (18)
δΦ(+)Sp =
∫
dτdpσρµǫΦ(+)(u
α∂µuα + u¯
α˙∂µu¯α˙),
δΦ(−)Sp = i
∫
dτdpσρµǫΦ(−)(u
α∂µuα − u¯α˙∂µu¯α˙).
(68)
However, these variations may be compensated by the corresponding transformations of the
TCC coordinates zαβ
δT (+)zαβ = ǫΦ(+)u{αvβ}, δT (+) z¯α˙β˙ = ǫΦ(+)u¯{α˙v¯β˙};
δT (−)zαβ = iǫΦ(−)u{αvβ}, δT (−) z¯α˙β˙ = −iǫΦ(−) u¯{α˙v¯β˙}
(69)
generated by the constraints T (+) and T (−)
T (+) ≡ Φαβu{αvβ} + Φ¯α˙β˙u¯{α˙v¯β˙} = Φαβuαvβ + Φ¯α˙β˙u¯α˙v¯β˙ ≈ 0,
T (−) ≡ i[Φαβu{αvβ} − Φ¯α˙β˙u¯{α˙v¯β˙}] = i[Φαβuαvβ − Φ¯α˙β˙u¯α˙v¯β˙] ≈ 0,
(70)
where u{αvβ} =
1
2
(uαvβ + uβvα). In fact, the variations of the action (18) generated by the
doubled constraints 2T (+) and 2T (−)
δ2T (+)S = −
∫
dτdpσρµǫΦ(+)(u
α∂µuα + u¯
α˙∂µu¯α˙),
δ2T (−)S = −i
∫
dτdpσρµǫΦ(−)(u
α∂µuα − u¯α˙∂µu¯α˙)
(71)
exactly compensate the variations (68). It proves that the two real constraints T˜ (±) belong
to the first class
T˜ (+) ≡ Φ(+) + 2T (+) = Φα˙α(uαv¯α˙ + vαu¯α˙) + 2
(
Φαβu{αvβ} + Φ¯
α˙β˙u{α˙vβ˙}
)
≈ 0,
T˜ (−) ≡ Φ(−) + 2T (−) = i
[
Φα˙α(uαv¯α˙ − vαu¯α˙) + 2
(
Φαβu{αvβ} − Φ¯α˙β˙u{α˙vβ˙}
)]
≈ 0.
(72)
Thus, we constructed six real bosonic constraints Φ(u), T (u), T¯ (u) (34), T˜
(v)
R (40) and T˜
(±)
(72) belonging to the first class out of the ten primary constraints (23) of the Φ−sector.
Further we find additional first-class constraints that are certain linear combinations of the
constraints from the Φ-, (u, v)- and ρ-sectors.
6 Dyad sector: 2 ⊕ 8−splitting and first-class con-
straints
By analogy with the Ψ- and Φ-sectors one can assume that the first-class constraints from
the (u, v)-sector describe the local symmetries related to dyad shifts along themselves. The
shifts of vα along uα
δǫvα = ǫuα, δǫv¯α˙ = ǫ¯u¯α˙ (73)
are generated by the constraints P
(u)
v and P¯
(u)
v
P (u)v ≡ P αv uα ≈ 0, P¯ (u)v ≡ P¯ α˙v u¯α˙ ≈ 0. (74)
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These shifts supply obvious local symmetry of the action (18) since Sp does not depend on
vα. The same is true for the primary constraints from Φ−, Ψ− and ρ−sectors
{P (u)v (~σ),Φ(~σ′)}P.B. = 0, {P (u)v (~σ),Ψ(~σ)}P.B. = 0, {P (u)v (~σ), P (ρ)µ (~σ′)}P.B. = 0. (75)
Moreover, these shifts do not change the Ξ and Ξ¯ constraints that depend on vα and v¯α˙
{P (u)v (~σ),Ξ(~σ′)}P.B. = 0, {P¯ (u)v (~σ), Ξ¯(~σ′)}P.B. = 0 (76)
as it follows from the canonical relations
{P αv (~σ), vβ(~σ′)}P.B. = δαβ δp(~σ − ~σ′), {P¯ α˙v (~σ), v¯β˙(~σ′)}P.B. = δα˙β˙ δp(~σ − ~σ′) (77)
and their complex conjugate. Therefore, the two real constraints (74) are the first-class
constraints, and they have zero Poisson brackets between themselves
{P (u)v (~σ), P (u)v (~σ′)}P.B. = 0, {P (u)v (~σ), P¯ (u)v (~σ′)}P.B. = 0. (78)
However, the v−shifts along themselves generated by the constraints P (v)v and P¯ (v)v
P (v)v ≡ P αv vα ≈ 0, P¯ (v)v ≡ P¯ α˙v v¯α˙ ≈ 0 (79)
do not preserve the constraints Ξ and Ξ¯
{P (v)v (~σ),Ξ(~σ′)}P.B. = (1 + Ξ)δp(~σ − ~σ′), {P¯ (v)v (~σ), Ξ¯(~σ′)}P.B. = (1 + Ξ¯)δp(~σ − ~σ′). (80)
As a result, the constraints (79), as well as the constraints P
(u)
u and P¯
(u)
u
P (u)u ≡ P αu uα ≈ 0, P¯ (u)u ≡ P¯ α˙u u¯α˙ ≈ 0 (81)
are not the first-class ones.
Moreover, the uα−shifts along vα, generated by the constraints P (v)u and P¯ (v)u
P (v)u ≡ P αu vα ≈ 0, P¯ (v)u ≡ P¯ α˙u v¯α˙ ≈ 0 (82)
which also have zero Poisson brackets with Ξ and Ξ¯
{P (v)u (~σ),Ξ(~σ′)}P.B. = 0, {P¯ (v)u (~σ), Ξ¯(~σ′)}P.B. = 0, (83)
are not the symmetries of Sp. These constraints have also nonzero Poisson brackets with the
Φ−sector constraints
{Φα˙α(~σ), P βu (~σ′)}P.B. = εαβρτ u¯α˙δp(~σ − ~σ′),
{Φαβ(~σ), P γu (~σ′)}P.B. = −12ρτ (εαγuβ + εβγuα)δp(~σ − ~σ′),
(84)
where the canonical P.B. relations
{uα(~σ), P βu (~σ′)}P.B. = −εαβδp(~σ − ~σ′) (85)
were used. After multiplication of (84) by vβ(τ, ~σ
′) and vγ(τ, ~σ
′), respectively, we find
{Φα˙α(~σ), P (v)u (~σ′)}P.B. = ρτvαu¯α˙δp(~σ − ~σ′),
{Φαβ(~σ), P (v)u (~σ′)}P.B. = −12ρτ (vαuβ + vβuα)δp(~σ − ~σ′),
(86)
where the r.h.s. of (86) do not belong to the primary constraints. So, we resume that the
(u, v)−sector itself includes only two real first-class constraints, but, as we shall see below,
some of the considered shifts may be compensated by the transformations from the ρ−sector.
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7 ρ−sector: p⊕ 1−splitting and first-class constraints
The ρ−sector of the p−brane constraints (26) includes p constraints of the first-class
P
(ρ)
M ≈ 0, M = (1, ..., p). (87)
It follows from the observation that the corresponding canonically conjugate variables ρM
{P (ρ)M (~σ), ρN(~σ′)}P.B. = δNMδp(~σ − ~σ′) (88)
do not enter the primary constraints (23)-(26) and, consequently, P
(ρ)
M have zero Poisson
brackets with all these constraints. P
(ρ)
M constraints correspond to redefinition of p space
components ρM of the (p+ 1)−dimensional world-volume vector density ρµ(τ, ~σ)
δǫρ
M = ǫM(τ, ~σ). (89)
The transformations (89) are new local symmetries of the action Sp due to arbitrariness in
the definition of ρM . On the other hand, the world-volume time component ρτ enters in
the Φ−sector constraints and the remaining component P (ρ)τ from the ρ−sector has nonzero
Poisson brackets with this sector constraints
{P (ρ)τ (~σ),Φα˙α(~σ′)}P.B. = −uαu¯α˙δp(~σ − ~σ′),
{P (ρ)τ (~σ),Φαβ(~σ′)}P.B. = 12uαuβδp(~σ − ~σ′),
{P (ρ)τ (~σ), Φ¯α˙β˙(~σ′)}P.B. = 12 u¯α˙u¯β˙δp(~σ − ~σ′).
(90)
However, the transformation of ρτ
δǫρ
τ = ǫτ (τ, ~σ) (91)
generated by the constraint P
(ρ)
τ , which is not the first-class one, may be compensated by
the corresponding transformation of dyads as we shall show below.
8 The Weyl symmetry constraint
Here we find the first-class constraint showing the presence of the local Weyl symmetry of
the brane action. Because the Φ-sector constraints contain the dyad uα, the transformation
(91) can be compensated by the following transformation of uα
δǫuα = − ǫ
τ
2ρτ
uα, δǫu¯α˙ = − ǫ
τ
2ρτ
u¯α˙, (92)
generated by the constraint ∆(u)
∆(u) ≡ P αu uα + P¯ α˙u u¯α˙ − 2ρτP (ρ)τ ≈ 0. (93)
However, the new constraint (93) has nonzero Poisson brackets with Ξ and Ξ¯
{∆(u)(~σ),Ξ(~σ′)}P.B. = (1 + Ξ)δp(~σ − ~σ′), {∆(u)(~σ), Ξ¯(~σ′)}P.B. = (1 + Ξ¯)δp(~σ − ~σ′). (94)
This noncommutativity can be easily corrected by the compensating transformation of vα
δǫvα =
ǫτ
2ρτ
vα, δǫv¯α˙ =
ǫτ
2ρτ
v¯α˙. (95)
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It implies the generalization of ∆(u) (93) into the new constraint ∆′W
∆′W ≡ (P αu uα + P¯ α˙u u¯α˙)− (P αv vα + P¯ α˙v v¯α˙)− 2ρτP (ρ)τ ≈ 0 (96)
which has zero Poisson brackets with the Φ−sector. Moreover, the Poisson brackets of ∆′W
with the primary constraints (23)-(26) are equal to zero on the constraint surface. These
properties of the constraint ∆′W will be preserved after addition of the first-class constraints
(87) which transform ∆′W to
∆W ≡ (P αu uα + P¯ α˙u u¯α˙)− (P αv vα + P¯ α˙v v¯α˙)− 2ρµP (ρ)µ ≈ 0. (97)
The local transformation generated by ∆W is the dilation affecting only the auxiliary fields
uα, vα and ρ
µ
ρ′µ = e−2Λρµ, u′α = e
Λuα, v
′
α = e
−Λvα,
x′αα˙ = xαα˙, z
′
αβ = zαβ , θ
′
α = θα.
(98)
The transformation (98) is identified with the Weyl symmetry of the p−brane action. From
the string point of view, the Weyl invariants ρµuαu¯α˙ and ρ
µuαuβ constructed from auxiliary
world-volume fields are similar to the conventional Weyl invariant of tensile string
√−ggµν ⇔ ρµuαu¯α˙, (99)
but here (98) is the symmetry the tensionless super p-brane action.
The transformations (89) can be used for the gauge fixing
ρM = 0. (100)
Then the Weyl symmetry may be used to fix ρτ by the gauge condition
ρ˙τ (τ, ~σ) = 0, (101)
or ρτ = ρ0 = const.
Below we shall show that the ρM translations (89) are supplemented by reparametrization
transformation of the world-volume coordinates σM generated by p first-class constraints
formed by intermixing of the primary constraints.
9 Secondary constraints: p space-like reparametriza-
tions
To find the first-class constraints associated with the reparametrizations of p world-volume
coordinates σM , let us consider the canonical Hamiltonian for p−brane action (18).
Using the standard definition of the canonical Hamiltonian density
H0 = Q˙MP
M−L = x˙αα˙P α˙α+z˙αβπαβ+ ˙¯zα˙β˙π¯α˙β˙+θ˙απα+ ˙¯θα˙π¯α˙+(u˙αP αu +v˙αP αv +c.c.)+ρ˙µP (ρ)µ −L
(102)
and the p−brane Lagrangian (18) we find
H0 ≈ −ρM [uαωMαα˙u¯α˙ + 1
2
uαωMαβu
β +
1
2
u¯α˙ω¯Mα˙β˙u¯
β˙], (103)
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where we omitted the momenta from the (u, v)- and ρ-sectors equal to zero. Taking into
account the definitions (23) one obtains
H0 ≈ −ρMρτ
[
−(Φα˙α − P α˙α)ωMαα˙ + (Φαβ − παβ)ωMαβ + (Φ¯α˙β˙ − π¯α˙β˙)ω¯Mα˙β˙
]
≈ −ρM
ρτ
[
P α˙αωMαα˙ − παβωMαβ − π¯α˙β˙ω¯Mα˙β˙
]
.
(104)
Due to the Ψ−constraints (24) there is the equality
l
(Φ,Ψ)
M ≡ P α˙α∂Mxαα˙ + παβ∂Mzαβ + π¯α˙β˙∂M z¯α˙β˙ + ∂Mθαπα + ∂M θ¯α˙π¯α˙
= P α˙αωMαα˙ − παβωMαβ − π¯α˙β˙ω¯Mα˙β˙ + ∂MθαΨα + ∂M θ¯α˙Ψ¯α˙,
(105)
where l
(Φ,Ψ)
M is the reparametrization generator of the Φ- and Ψ-sector coordinates.
The total reparametrization generator LM is connected with l
(Φ,Ψ)
M by the equality
LM = l
(Φ,Ψ)
M + l
(u,v,ρ)
M , (106)
where l
(u,v,ρ)
M is the reparametrization generator for the coordinates u, v, ρ
l
(u,v,ρ)
M ≡ (P αu ∂Muα + P αv ∂Mvα) + (P¯ α˙u ∂M u¯α˙ + P¯ α˙v ∂M v¯α˙)− ∂MP (ρ)ν ρν ≈ 0. (107)
It follows from Eqs.(105)-(107) that H0 (103) may be presented in the form
H0 ≈ −ρ
M
ρτ
LM , (M = 1, ..., p). (108)
As a result of the Dirac selfconsistency condition for the constraints (87)
P˙
(ρ)
M =
∫
dpσ′{HT (~σ′), P (ρ)M (~σ)}P.B. =
∫
dpσ′{H0(~σ′), P (ρ)M (~σ)}P.B. =
1
ρτ
LM ≈ 0 (109)
we find p new constraints LM
LM = P
α˙αωMαα˙ − παβωMαβ − π¯α˙β˙ω¯Mα˙β˙ + ∂MθαΨα + ∂M θ¯α˙Ψ¯α˙
+(P αu ∂Muα + P
α
v ∂Mvα) + (P¯
α˙
u ∂M u¯α˙ + P¯
α˙
v ∂M v¯α˙)− ∂MP (ρ)ν ρν ≈ 0.
(110)
One can check that LM have Poisson brackets with the primary constraints from all sec-
tors weakly equal to zero. Thus, these constraints realize the σM transformations of the
reparametrization invariance of the brane action. These secondary constraints complete
realization of the Dirac procedure of the first-class constraints construction. The remain-
ing time-like τ -reparametrization constraint is not independent and is constructed from the
constraints Φ(u), T (u) (34) for xαα˙, zαβ and some algebraic combinations of other first-class
constraints for the remaining generalized coordinates.
10 Y Λ supertwistor as an invariant of local symmetries
Here we shall show that (8B + 1F ) real components of the supertwistor Y
Λ = (iUa, Y˜a, η˜)
in 4−dimensional Minkowski space extended by 6 TCC coordinates are the invariants of
(8B+3F ) local symmetries generated by the first-class constraints from the Φ-, Ψ- and dyad
sectors. We prove that the transition from the original representation of the action (1) (or
14
(18)) in terms of (16B + 4F ) variables (x, z, u, v; θ) to the Y
Λ supertwistor representation
(6), including (8B + 1F ) components, preserves all the local symmetries of Sp (1). It will
follow from the observation that Y Λ forms a representation of the Weyl symmetry (98), the
space-like reparametrizations (110) and its invariance under the ρM−shifts (89). All these
(2p+ 1) symmetries remain local symmetries of the supertwistor representation (6).
Starting the proof we observe that the supertwistor component Ua =
(
uα
u¯α˙
)
is a trivial
invariant of all the 11 symmetries generated by the Ψ-, Φ- and (u, v)-sectors. The fermionic
component η˜ = −2i(Uaθa) = −2i(uαθα+ u¯α˙θ¯α˙) is not transformed under symmetry transfor-
mations from the Φ− and (u, v)−sectors. Moreover, its invariance under the κ−symmetry
generated by Ψ(u), Ψ¯(u) and Ψ
(v)
R (45) follows from the relations
δκη˜ =
2
i
κuαuα = 0, δκ¯η˜ = −2i κ¯u¯α˙u¯α˙ = 0, δκ˜R η˜ = 2i κ˜R[uαvα + u¯α˙v¯α˙] ≈ 0. (111)
Thus, it remains to prove the invariance of the Y˜a components of the supertwistor
iY˜a = YabU
b − η˜θa =
(−zαβuβ + xαα˙u¯α˙ − η˜θα
x˜α˙αuα − z¯α˙β˙u¯β˙ − η˜θ¯α˙
)
. (112)
Due to the invariance of Ua and η˜ variables the variation of Y˜a is given by
iδY˜a = δYabU
b − η˜δθa =
(−δzαβuβ + δxαα˙u¯α˙ − η˜δθα
δx˜α˙αuα − δz¯α˙β˙u¯β˙ − η˜δθ¯α˙
)
(113)
and it is enough to verify the invariance of the upper Weyl component iyα. Using the
relations (45) we find that
iδκyα = −2iκuα[uβθβ − u¯β˙ θ¯β˙ − i2 η˜] = 0, iδκ˜Ryα = −2iκ˜Rvα[uβθβ − u¯β˙θ¯β˙ − i2 η˜] = 0. (114)
So, we confirmed the invariant character of Y˜a under the κ−symmetry transformations.
The invariance of Y˜a under the symmetry transformations (73) from the (u, v)−sector is
evident, because Y˜a does not include vα.
The transformations of Y˜a under the symmetries of the Φ−sector are defined by
iδY˜a =
(−δzαβuβ + δxαα˙u¯α˙
δx˜α˙αuα − δz¯α˙β˙u¯β˙
)
, (115)
because θa and η˜ are invariants of these symmetries. The invariance of Y˜a under the sym-
metries (49) and (53) is evident because of the relations
δΦ(u)xαα˙u¯
α˙ = ǫΦ(u)uα(u¯α˙u¯
α˙) = 0, δT (u)zαβu
β = ǫT (u)uα(uβu
β) = 0 (116)
and their complex conjugate.
The invariance under the symmetry (63) follows from the cancellation between the x and
z contributions
δ
T˜
(v)
R
xαα˙u¯
α˙ − δ
T˜
(v)
R
zαβu
β ≈ ǫ
T˜
(v)
R
vα − ǫT˜ (v)
R
vα = 0. (117)
Analogous cancellations also take place with respect to the transformations (66), (69)
δT˜ (+)xαα˙u¯
α˙ − δT˜ (+)zαβuβ = ǫT˜ (+)[m(+)αα˙ u¯α˙ − u{αvβ}uβ] ≈ 0,
δT˜ (−)xαα˙u¯
α˙ − δT˜ (−)zαβuβ = ǫT˜ (−) [m(−)αα˙ u¯α˙ − iu{αvβ}uβ] ≈ 0
(118)
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and their complex conjugate. It completes the proof of invariant character of Y Λ under
(8B + 3F ) local symmetries generated by the Ψ-, Φ- and (u, v)-sectors. These symmetries
show the pure gauge character of (8B + 3F ) variables among (16B + 4F ) primary variables
(x, z, u, v; θ). The transition to the supertwistor representation including (8B+1F ) invariant
variables Y Λ just encodes these (8B + 3F ) degrees of freedom
(16B + 4F )− (8B + 3F ) = (8B + 1F ), (119)
so we get the next scheme of the reduction of the original brane variables:
κ− symmetry: θα, θ¯α˙ ⇒ η˜,
shifts: xαα˙, zαβ, z¯α˙β˙; vα, v¯α˙ ⇒ (Y˜α, ¯˜Y α˙).
(120)
Taking into account the Weyl symmetry transformations (98) one can find the Weyl
transformation of the supertwistor
Y´ Σ = eΛ(τ,~σ)Y Σ. (121)
Using this result one verifies that the supertwistor representation (6) of Sp is invariant under
the Weyl symmetry. Indeed, the transformed action (6) is
S ′p =
1
2
∫
dτdpσρµ
[
∂µY
ΣGΣΞY
Ξ − ∂µΛ(Y ΣGΣΞY Ξ)
]
= Sp − 12
∫
dτdpσρµ∂µΛ(Y
ΣGΣΞY
Ξ),
(122)
but the last term equals zero, because Y ΣGΣΞY
Ξ = 0 and S ′p = Sp. Also, the supertwistor
action is invariant under p remaining local symmetries (89) from ρ−sector and p world-
volume reparametrizations generated by the secondary first-class constraints (110).
Thus, we conclude that the strong reduction of the number of variables during the transi-
tion to the symplectic supertwistor representation (6) is a consequence of the described local
symmetries. The pure gauge degrees of freedom are eliminated by the change of variables
without any gauge fixing.
11 The Hamiltonian
Having completed the Dirac prescription of the first-class constraints construction we present
the total Hamiltonian density of the super p-brane in the form of their linear combination
HT = κuΨ
(u) + κ¯uΨ¯
(u) + κRΨ
(v)
R
+ auΦ
(u) + buT
(u) + b¯uT¯
(u)
+ c(+)T˜ (+) + c(−)T˜ (−) + c
(v)
R T˜
(v)
R
+ eP
(u)
v + e¯P¯
(u)
v + ω∆W
+ fMP
(ρ)
M + ρ˜
MLM ≈ 0,
(123)
where the functions κ, a, b, c, e, f , ω and ρ˜ form the set of (9 + 2p)B + 3F real Lagrange
multipliers.
In the Hamiltonian formalism the second-class constraints are taken into account by the
transition to the Dirac brackets (D.B.) which have to be changed by the (anti)commutators
in the quantum dynamics. To construct the D.B. we need to find the second-class constraints
remaining after the first-class constraint separation. This problem will be solved below.
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12 Second-class constraints and the Dirac brackets
To find the second-class constraints we shall follow to the applied above projection method
[13], [17], [18]. In the Ψ-sector only one constraint Ψ
(v)
I (41) has remained which is the
second-class constraint, because its P.B.
{Ψ(v)I (~σ),Ψ(v)I (~σ′)}P.B. = 8i[(vαΦαβvβ + v¯α˙Φ¯α˙β˙ v¯β˙ − v¯β˙Φβ˙αvα)− 2ρτ ]δp(~σ − ~σ′) (124)
are nonzero in the weak sense
{Ψ(v)I (~σ),Ψ(v)I (~σ′)}P.B. ≈ −16iρτδp(~σ − ~σ′). (125)
In the Φ-sector there are four second-class constraints that may be constructed either from
the Φαβ-subsector alone or from the Φαβ- and Φα˙α-subsectors. We choose the projections of
the three remaining constraints from the Φα˙α-subsector
Φ ≡ Φα˙α(m(+) − im(−))αα˙ = 2v¯α˙Φα˙αuα ≈ 0
Φ¯ ≡ (Φ)∗ = Φα˙α(m(+) + im(−))αα˙ = 2u¯α˙Φα˙αvα ≈ 0,
Φ(v) ≡ v¯α˙Φα˙αvα ≈ 0
(126)
to be the second-class constraints. Then the additional fourth second-class constraint T
(v)
I
is supplied by the Φαβ-subsector
T
(v)
I ≡ i(T (v) − T¯ (v)) = i(vαΦαβvβ − v¯α˙Φ¯α˙β˙ v¯β˙) ≈ 0. (127)
The second-class constraints (126), (127) have non-zero P.B. with the constraints belong-
ing to the dyad and ρ-sectors. Therefore, we shall seek for such linear combinations from
these sectors that form canonically conjugate pairs with the constraints (126), (127).
Then we find the following four second-class constraints
P (ρ)τ ≈ 0, {P (ρ)τ (~σ),Φ(v)(~σ′)}P.B. ≈ δp(~σ − ~σ′), (128)
P
(v)
u ≡ P αu vα ≈ 0, {P (v)u (~σ),Φ(~σ′)}P.B. ≈ 2ρτδp(~σ − ~σ′),
P¯
(v)
u ≡ P¯ α˙u v¯α˙ ≈ 0, {P¯ (v)u (~σ), Φ¯(~σ′)}P.B. ≈ 2ρτδp(~σ − ~σ′)
(129)
and
∆I ≡ ∆(v)I −∆(u)I ≡ i(P (v)v − P¯ (v)v )− i(P (u)u − P¯ (u)u )
≡ i(P αv vα − P¯ α˙v v¯α˙)− i(P αu uα − P¯ α˙u u¯α˙) ≈ 0,
{∆I(~σ), T (v)I (~σ′)}P.B. ≈ 2ρτδp(~σ − ~σ′).
(130)
The remaining four second-class constraints forming canonically conjugate pairs are supplied
by the constraints belonging to the dyad and ρ-sectors
∆ ≡ P (u)u + P (v)v − ρ(τ)P (ρ)τ − i2∆I ≈ 0, Ξ ≈ 0,
{∆(~σ),Ξ(~σ′)}P.B. = 2δp(~σ − ~σ′)
(131)
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and their complex conjugate. As a result, the P.B’s. of 12 bosonic constraints (126)-(131)
and one fermionic constraint (41) form the Dirac matrix Cˆ having the symplectic form
Cˆ =
P
(ρ)
τ Φ(v) P
(v)
u Φ P¯
(v)
u Φ¯ ∆I T
v
I ∆ Ξ ∆¯ Ξ¯ Ψ
(v)
I
P
(ρ)
τ 0 −1
Φ(v) 1 0
P
(v)
u 0 2ρτ
Φ −2ρτ 0
P¯
(v)
u 0 2ρτ 0
Φ¯ −2ρτ 0
∆I 0 2ρ
τ
T
(v)
I −2ρτ 0
∆ 0 2
Ξ 0 −2 0
∆¯ 0 2
Ξ¯ −2 0
ΨvI −16iρτ
(132)
multiplied by δp(~σ − ~σ′). Then we find the determinant of the matrix Cˆ
detCˆ = i(4ρτ )7. (133)
The inverse matrix Cˆ−1 is used to construct the Dirac brackets
{f(σ), g(σ′)}D.B. = {f(σ), g(σ′)}P.B.
− ∑∫ dpσ′′{f(σ), F (σ′′)}P.B.(Cˆ−1)FG(σ′′){G(σ′′) , g(σ′)}P.B., (134)
where F and G contain the second-class constraint set forming Cˆ.
The inverse Dirac matrix Cˆ−1 is given by
Cˆ−1 =
P
(ρ)
τ Φ(v) P
(v)
u Φ P¯
(v)
u Φ¯ ∆I T
v
I ∆ Ξ ∆¯ Ξ¯ Ψ
(v)
I
P
(ρ)
τ 0 1
Φ(v) −1 0
P
(v)
u 0 − 12ρτ
Φ 1
2ρτ
0
P¯
(v)
u 0 − 12ρτ 0
Φ¯ 1
2ρτ
0
∆I 0 − 12ρτ
T
(v)
I
1
2ρτ
0
∆ 0 −1
2
Ξ 0 1
2
0
∆¯ 0 −1
2
Ξ¯ 1
2
0
ΨvI
i
16ρτ
(135)
multiplied by δp(~σ − ~σ′).
The matrices Cˆ (132) and Cˆ−1 (135) define the Hamiltonian symplectic structure in the
total phase space of the original variables (20) and (21). It is easy to see that this phase
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space can be covariantly reduced by solving the constraint Φ(v) which gives the following
representation for the coordinate ρτ
ρτ = (vP v¯). (136)
As a result, the canonical pair (ρτ , P
(ρ)
τ ) may be excluded from the original phase space,
because P
(ρ)
τ ≈ 0. This reduction does not change the matrix Cˆ, but only strikes out the
upper 2× 2 submatrix and substitutes (vP v¯) for ρτ in the remaining diagonal blocks. Then
the partially reduced matrix Cˆ−1red is substituted for Cˆ
−1. As a result of the reduction the
matrix Cˆ−1red contains the nonlocal factor
1
(vP v¯)
absent in the D.B’s. of the superparticle
dynamics. This peculiarity of the brane’s D. B’s. may lead to principal distinctions between
the string/brane and particle quantum descriptions.
13 Noncommutativity of coordinates under the Dirac
brackets
The D.B. (134) defines the new commutation relations between the canonical variables en-
coding the second-class constraint presence.
Analysis of the matrix Cˆ−1 (135) structure shows that the dyad-sector coordinates uα, vβ
commute among themselves
{uα(~σ), uβ(~σ′)}D.B. = {uα(~σ), vβ(~σ′)}D.B. = {vα(~σ), vβ(~σ′)}D.B. = 0 (137)
and with ρτ and θα
{uα(~σ), ρτ (~σ′)}D.B. = 0, {vα(~σ), ρτ (~σ′)}D.B. = 0,
{uα(~σ), θβ(~σ′)}D.B. = 0, {vα(~σ), θβ(~σ′)}D.B. = 0.
(138)
However, they do not commute with xαα˙ and zαβ coordinates
{xαα˙(~σ), uβ(~σ′)}D.B. = 1ρτ uαv¯α˙vβδp(~σ − ~σ′),
{xαα˙(~σ), vγ(~σ′)}D.B. = 0,
{zαβ(~σ), uγ(~σ′)}D.B. = 12ρτ vαvβuγδp(~σ − ~σ′),
{zαβ(~σ), vγ(~σ′)}D.B. = − 12ρτ vαvβvγδp(~σ − ~σ′).
(139)
The coordinates θα have non-zero D.B’s among themselves
{θα(~σ), θβ(~σ′)}D.B. = i16ρτ vαvβδp(~σ − ~σ′),
{θα(~σ), θ¯β˙(~σ′)}D.B. = − i16ρτ vαv¯β˙δp(~σ − ~σ′),
{θ¯α˙(~σ), θ¯β˙(~σ′)}D.B. = i16ρτ v¯α˙v¯β˙δp(~σ − ~σ′) (140)
and this results in the noncommutativity of the Goldstone fermion η˜ (3)
{θα(~σ), η˜(~σ′)}D.B. = 14ρτ vαδp(~σ − ~σ′),
{η˜(~σ), η˜(~σ′)}D.B. = − iρτ δp(~σ − ~σ′). (141)
But, the projection (vαθα) associated with the unbroken directions commutes with θβ and η˜
{vαθα(~σ), θβ(~σ′)}D.B. = 0, {vαθα(~σ), η˜(~σ′)}D.B. = 0 (142)
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The coordinates θα have nonzero D.B’s. with xαα˙ and zαβ either:
{θα(~σ), xββ˙(~σ′)}D.B. = 18ρτ vα(vβ θ¯β˙ − θβ v¯β˙)δp(~σ − ~σ′),
{θα(~σ), zβδ(~σ′)}D.B. = 18ρτ vα(θβvδ + vβθδ)δp(~σ − ~σ′), (143)
{θα(~σ), z¯β˙δ˙(~σ′)}D.B. = − 18ρτ vα(θ¯β˙ v¯δ˙ + v¯β˙ θ¯δ˙)δp(~σ − ~σ′).
However, the projection (vαθα) has zero D.B’s. with the xαα˙ coordinates
{vαθα(~σ), xββ˙(~σ′)}D.B. = 0, (144)
but does not commute with the TCC coordinates zβδ
{vαθα(~σ), zβδ(~σ′)}D.B. = 12ρτ (vαθα)vβvδδp(~σ − ~σ′). (145)
The space-time xαα˙ and TCC coordinates zαβ have nonzero D.B’.s among themselves
{xαα˙(~σ), xββ˙(~σ′)}D.B. = i4ρτ (θαv¯α˙ − vαθ¯α˙)(θβ v¯β˙ − vβ θ¯β˙)δp(~σ − ~σ′),
{zαβ(~σ), zγδ(~σ′)}D.B. = i4ρτ (θαvβ + θβvα)(θγvδ + θδvγ)δp(~σ − ~σ′),
{xαα˙(~σ), zβγ(~σ′)}D.B. = − i4ρτ (θαv¯α˙ − vαθ¯α˙)(θβvγ + θγvβ)δp(~σ − ~σ′).
(146)
The D.B. noncommutativity (146) has gauge-dependent character and one can show that
the r.h.s. of (146) vanishes in the partially fixed κ-symmetry gauge
θ(v) ≡ θαvα = 0. (147)
To prove this we use the decomposition of θα in the dyad basis
θα = θ
(v)uα − θ(u)vα = θ(v)uα − (Reθ(u) − i4 η˜)vα (148)
and present the multipliers entering the r.h.s. of (146) as
(θαv¯α˙ − vαθ¯α˙) = i2 η˜vαv¯α˙ + i(Imθ(v)m
(+)
αα˙ − Reθ(v)m(−)αα˙ ),
(θβvγ + θγvβ) =
i
2
η˜vβvγ − 2Reθ(v)vβvγ + θ(v)(uβvγ + uγvβ).
(149)
In the gauge (147) the representations (149) reduce to
(θαv¯α˙ − vαθ¯α˙)|gauge (147) = i2 η˜vαv¯α˙,
(θβvγ + θγvβ)|gauge (147) = i2 η˜vβvγ
(150)
and the substitution of (150) into (146) yields
{xαα˙(~σ), xββ˙(~σ′)}D.B.|gauge (147) = {zαβ(~σ), zγδ(~σ′)}D.B.|gauge (147) = 0,
{xαα˙(~σ), zβγ(~σ′)}D.B.|gauge (147) = 0,
(151)
in view of the relation η˜2 = 0. This proves the gauge-dependent character of the D.B.
noncommutativity of the coordinates x and z between themselves.
In contrast to this picture, the D.B. noncommutativity of θα with xαα˙ and zαβ coordinates
cannot be removed by gauge fixing since
{θα(~σ), xββ˙(~σ′)}D.B.|gauge (147) = iη˜16ρτ vαvβ v¯β˙δp(~σ − ~σ′),
{θα(~σ), zβγ(~σ′)}D.B.|gauge (147) = iη˜16ρτ vαvβvγδp(~σ − ~σ′).
(152)
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The same conclusion takes place for the D.B.’s of the light-like projection (uxu¯) with the
transverse coordinates x(+) and x(−)
{(uxu¯)(~σ), x(+)(~σ′)}D.B. = ( 1ρτ x(+) + η˜4Reθ(v))δp(~σ − ~σ′),
{(uxu¯)(~σ), x(−)(~σ′)}D.B. = ( 1ρτ x(−) − η˜4Imθ(v))δp(~σ − ~σ′),
(153)
whereas
{x(+)(~σ), x(−)(~σ′)}D.B. = 1ρτReθ(v)Imθ(v)δp(~σ − ~σ′), (154)
which vanishes in the gauge (147). The D.B’s. (153), (154) are accompanied with zero D.B.
{(vxv¯)(~σ), x(±)(~σ′)}D.B. = 0,
{x(+)(~σ), x(+)(~σ′)}D.B. = {x(−)(~σ), x(−)(~σ′)}D.B. = 0,
{(uxu¯)(~σ), (uxu¯)(~σ′)}D.B. = {(vxv¯)(~σ), (vxv¯)(~σ′)}D.B. = 0,
{(uxu¯)(~σ), (vxv¯)(~σ′)}D.B. = 0.
(155)
Note also that the xαα˙ components have nonzero D.B’s. with ρ
τ (τ, ~σ)
{xαα˙(~σ), ρτ (~σ′)}D.B. = vαv¯α˙δp(~σ − ~σ′), (156)
in contrast to the TCC coordinates
{zαβ(~σ), ρτ (~σ′)}D.B. = 0. (157)
It shows that the classical variable ρτ has to be changed by the operator projection (vPˆ v¯)
after quantization in the reduced phase space, as it follows from the constraint (136). As a re-
sult, in the quantum brane dynamics some commutation relations between brane coordinates
will be proportional to the non-local factor 1
(vP v¯)
due to the substitution of (anti)commutators
for the D.B’s. The vector vαv¯α˙ fixing the projection direction is a light-like vector, so the
projection (vP v¯) has physical sense analogous to p− (or p+) for the Green-Schwarz super-
string [19]. The non-local factor proportional to 1
p−
appears in the two-point function of the
energy-momentum tensor for the Green-Schwarz superstring, where it is associated with the
Weyl anomaly presence. Note also that the presence of 1
(vP v¯)
in the brane model correlates
with the anomalous factor appearing in the quantum algebra [14] of the conformal symmetry
of tensionless string quantized in the light-cone gauge. This correlation is not so evident,
because our consideration is free of any gauge fixing.
In view of the above mentioned observations and OSp(1, 8) invariance of our brane model,
the D.B. and commutator realizations of the OSp(1, 8) superalgebra deserve to be carefully
studied. The next section will be devoted to this goal.
14 Dirac bracket realization of the OSp(1|8) superalge-
bra
Having proved the OSp(1|8) symmetry of the super p-brane action (18) one can construct
it P.B. and D.B. realizations and to observe the position of the non-local factor 1
(vP v¯)
in its
structural functions.
The generator densities Qα and Qα˙ of the N = 1 global supersymmetry are given by
Qα(τ, ~σ) = πα + 2iθ¯α˙P
α˙α + 4iπαβθβ ,
Q¯α˙(τ, ~σ) = π¯α˙ + 2iP α˙αθα + 4iπ¯
α˙β˙ θ¯β˙ (158)
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and their P.B’s. have the standard form
{Qα(~σ), Q¯α˙(~σ′)}P.B. = 4iP α˙αδp(~σ − ~σ′),
{Qα(~σ), Qβ(~σ′)}P.B. = 8iπαβδp(~σ − ~σ′). (159)
The ”square roots” Sγ and S¯γ˙ of the generalized conformal boost densities Kγγ˙ , Kγλ
{Sγ(~σ), S¯ρ˙(~σ′)}P.B. = 4iKγρ˙δp(~σ − ~σ′),
{Sγ(~σ), Sλ(~σ′)}P.B. = 4iKγλδp(~σ − ~σ′) (160)
are given by
Sγ(τ, ~σ) = zγδQ
δ + xγδ˙Q¯
δ˙ − 2iθγ(θδπδ + θ¯δ˙π¯δ˙) + 4i(uδθδ − u¯δ˙θ¯δ˙)Puγ,
S¯γ˙(τ, ~σ) = z¯γ˙δ˙Q¯
δ˙ + xδγ˙Q
δ − 2iθ¯γ˙(θδπδ + θ¯δ˙π¯δ˙)− 4i(uδθδ − u¯δ˙θ¯δ˙)P¯uγ˙.
(161)
The generalized conformal boost densities Kγλ, Kγγ˙ are respectively presented as
Kγλ(τ, ~σ) = 2zγβzλδπ
βδ + 2xγβ˙xλδ˙π¯
β˙δ˙ + zγβxλδ˙P
δ˙β + xγβ˙zλδP
β˙δ
+ θλ(zγδπ
δ + xγδ˙π¯
δ˙) + θγ(zλδπ
δ + xλδ˙π¯
δ˙)
+ (uδzδλ − u¯δ˙xλδ˙)Puγ + (uδzδγ − u¯δ˙xγδ˙)Puλ
− 2i(uδθδ − u¯δ˙θ¯δ˙)(θλPuγ + θγPuλ),
(162)
Kγγ˙(τ, ~σ) = zγδ z¯γ˙δ˙P
δ˙δ + xγδ˙xδγ˙P
δ˙δ + 2(zγδxλγ˙π
δλ + xγδ˙ z¯γ˙λ˙π¯
δ˙λ˙)
+ θγ(z¯γ˙δ˙π¯
δ˙ + xδγ˙π
δ) + θ¯γ˙(zγδπ
δ + xγδ˙π¯
δ˙)
+ (uδxδγ˙ − u¯δ˙z¯δ˙γ˙)Puγ + (xγδ˙u¯δ˙ − zγδuδ)P¯uγ˙
− 2i(uδθδ − u¯δ˙θ¯δ˙)(θ¯γ˙Puγ − θγP¯uγ˙).
(163)
Using the matrix multiplication agreement one can present (162) and (163) in more compact
form
Kγλ(τ, ~σ) = 2(zπz)γλ + 2(xπ¯x)γλ + (xPz)γλ + (xPz)λγ
− [(zπ)γθλ + (zπ)λθγ ]− [(xπ¯)γθλ + (xπ¯)λθγ ]
+ [Puγ(zu)λ + Puλ(zu)γ ]− [Puγ(xu¯)λ + Puλ(xu¯)γ ]
− 2i((uθ)− (u¯θ¯))(θγPuλ + θλPuγ),
(164)
and respectively
Kγγ˙(τ, ~σ) = (z¯P z)γ˙γ + (xPx)γγ˙ + 2(zπx+ xπ¯z¯)γγ˙
+ θγ(πx+ z¯π¯)γ˙ + θ¯γ˙(zπ + xπ¯)γ
+ Puγ(ux− u¯z¯)γ˙ + (xu¯− zu)γP¯uγ˙
− 2i((uθ)− (u¯θ¯))(θ¯γ˙Puγ − θγP¯uγ˙).
(165)
The remaining 16 generator densities of the Sp(8) algebra Lαβ , Lγρ˙ (together with their
complex conjugate) are defined by the P.B’s.
{Qγ(~σ), Sρ(~σ′)}P.B. = 4iLγρδp(~σ − ~σ′), {Qγ(~σ), S¯ρ˙(~σ′)}P.B. = 4iLγ ρ˙δp(~σ − ~σ′), (166)
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and have the form
Lαβ(τ, ~σ) = P
β˙αxββ˙ + 2π
αγzγβ − παθβ + uαPuβ,
Lαβ˙(τ, ~σ) = 2π
αγxγβ˙ + P
γ˙αz¯β˙γ˙ − παθ¯β˙ − uαP¯uβ˙ (167)
completed by their complex conjugate P.B’s. The derived P.B. realization of the OSp(1|8)
superalgebra together with the definition of the Dirac brackets (134) are enough for con-
struction of the D.B. realization of the OSp(1|8) superalgebra.
Keeping in mind the results [14] one can wait the anomaly presence in the commutator
of the operator densities Kγγ˙ and L
α
β. To this end let us in the first place calculate the
Dirac bracket of the generalized superconformal boost density Kγγ˙ with L
α
β. Then we find
{Kγγ˙(~σ), Lαβ(~σ′)}D.B. = −δαγKβγ˙δp(~σ − ~σ′)
− ∫ dpσ′′{Kγγ˙(~σ),Φ(~σ′′)}P.B.( 12ρτ (~σ′′)){P (v)u (~σ′′), Lαβ(~σ′)}P.B.
+
∫
dpσ′′{Kγγ˙(~σ), P¯ (v)u (~σ′′)}P.B.( 12ρτ (~σ′′)){Φ¯(~σ′′), Lαβ(~σ′)}P.B.
+
∫
dpσ′′{Kγγ˙(~σ),∆I(~σ′′)}P.B.( 12ρτ (~σ′′)){T
(v)
I (~σ
′′), Lαβ(~σ
′)}P.B.
− ∫ dpσ′′{Kγγ˙(~σ),Ψ(v)I (~σ′′)}P.B.( i16ρτ (~σ′′)){Ψ(v)I (~σ′′), Lαβ(~σ′)}P.B.
(168)
with the omitted terms vanishing in the strong sense. The terms in the r.h.s. of the D.B.
(168) containing the non-local factor 1
ρτ
have a special structure in view of which each of
them is proportional to some of the constraints of the model. As a result, we find that the
contribution of the factor 1
ρτ
will be vanishing on the constraint surface.
To prove this fact we note that the second term in (168) includes the two multipliers
{Kγγ˙(~σ),Φ(~σ′′)}P.B. = 2[ρτuγuβ(xβγ˙ − 2iθβ θ¯γ˙)− ρτuγu¯β˙(z¯β˙γ˙ − 2iθ¯β˙ θ¯γ˙)
− uγ v¯δ˙L¯δ˙ γ˙ − v¯γ˙uδLδγ]δp(~σ − ~σ′′),
{P (v)u (~σ′′), Lαβ(~σ′)}P.B. = vαPuβδp(~σ′′ − ~σ′),
(169)
where L¯δ˙ γ˙ is the Lorentz generator complex conjugate to L
δ
γ . One can see that the third
multiplier is vanished, because of the primary constraint Puβ ≈ 0 presence.
The third term in (168) also includes the multipliers equal
{Kγγ˙(~σ), P¯ (v)u (~σ′′)}P.B. = [v¯δ˙(z¯δ˙γ˙ − 2iθ¯δ˙θ¯γ˙)Puγ − v¯δ˙(xγδ˙ − 2iθ¯δ˙θγ)P¯uγ˙]δp(~σ − ~σ′′),
{Φ¯(~σ′′), Lαβ(~σ′)}P.B. = 2vβu¯λ˙P λ˙αδp(~σ′′ − ~σ′)
(170)
and the former is proportional to the primary constraint Puγ ≈ 0 and it complex conjugate.
The same story is repeated for the fourth term in (168) which multipliers are equal to
{Kγγ˙(~σ),∆I(~σ′′)}P.B. = 2i[u¯δ˙(z¯δ˙γ˙ − 2iθ¯δ˙ θ¯γ˙)Puγ − uδ(zδγ − 2iθδθγ)P¯uγ˙]δp(~σ − ~σ′′),
{T (v)I (~σ′′), Lαβ(~σ′)}P.B. = 2ivβvλπλαδp(~σ′′ − ~σ′);
(171)
and the first of them is vanished, because of the constraints Puγ ≈ 0 and P¯uγ˙ ≈ 0 presence.
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Finally, the latter term in (168) including the multipliers
{Kγγ˙(~σ),Ψ(v)I (~σ′′)}P.B. =
[
8(θγP¯uγ˙ − θ¯γ˙Puγ)− ivγ
(
(z¯γ˙δ˙ + 2iθ¯γ˙ θ¯δ˙)Ψ¯
δ˙ + (xδγ˙ + 2iθ¯γ˙θδ)Ψ
δ
)
+ iv¯γ˙
(
(zγδ + 2iθγθδ)Ψ
δ + (xγδ˙ + 2iθγ θ¯δ˙)Ψ¯
δ˙
)]
δp(~σ − ~σ′′),
{Ψ(v)I (~σ′′), Lαβ(~σ′)}P.B. = ivβΨαδp(~σ′′ − ~σ′)
(172)
is also vanished, because of the constraints Ψα ≈ 0 and Puγ ≈ 0 presence there.
Conclusion is that the D.B. of Kγγ˙ and L
α
β on the surface of the primary constraints
coincides with the Poisson bracket and is equal to
{Kγγ˙(~σ), Lαβ(~σ′)}D.B.|constraint surface = −δαγKβγ˙δp(~σ − ~σ′). (173)
Similar analysis can be done for the D.B’s. of the remaining generators of the OSp(1|8)
superalgebra and, as a result, one can find that the D.B and P.B realizations of the super-
algebra coincide on the primary constraint surface.
In the quantum dynamics the commutator [Kˆγγ˙ , Lˆ
α
β] has to be substituted for the D.B.
(173) and all the coordinates and momenta should be presented by the correspondent opera-
tors. Moreover, the generators of the OSp(1|8) quantum superalgebra have to include sums
of the ordered products of the coordinates and momenta. One can choose, e.g. QˆPˆ-ordering,
where Qˆ is a condensed notation for a chain of coordinate operators qˆ and, respectively, Pˆ for
a chain of momentum operators pˆ. Then, taking into account that any, but fixed pˆ-operator
is not contained two or more times into the Pˆ-chains, forming the operators Kˆγγ˙ and Lˆαβ ,
we find
[Kˆγγ˙(~σ), Lˆ
α
β(~σ
′)]|constraint surface = −δαγ Kˆβγ˙δp(~σ − ~σ′), (174)
because the operator ordering was not broken during the calculation of the commutator
(174). Thus, this commutation relation is anomalous free on the primary constraint surface.
The same QˆPˆ-ordering procedure was applied to construct the remaining quantum gen-
erators of the OSp(1|8) superalgebra and we observed that all (anti)commutators of the
superalgebra generators are anomalous free on the surface of some of the primary constraints.
However, this observation is not yet enough to exclude a possibility of quantum anomaly
because, the above discussed subset of the primary constraints contains not only the second-
class constraints but, also the first-class constraints which equal zero only in the weak sense.
So, more careful investigation of this problem needs to be done and it will be presented in
another place.
15 Conclusion
The Hamiltonian structure of the simplest D = 4 N = 1 super p-brane model of which
general solution describes the BPS state with exotic fraction of supersymmetry equal to
3/4 was studied here. The covariant division of the brane constraints into the first and
second classes was found. As a result, the generators of the local symmetries and the
covariant realization of the Dirac matrix Cˆ were constructed. The matrix Cˆ was diagonalized
and presented in the symplectic form parametrized by the component ρτ (τ, ~σ) of the brane
world-volume vector density ρµ(τ, ~σ). The corresponding D.B. encoding the Hamiltonian
symplectic structure of the constrained super p-brane dynamics were constructed. The D.B.
commutation relations between the original p-brane coordinates in the centrally extended
superspace were calculated and their D.B. noncommutativity was established. The D.B.
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noncommutativity in the subspace of the space-time and TCC coordinates was shown to
have a gauge dependent character and can be removed by complete gauge fixing of the
exotic κ-symmetry. On the contrary, the D.B. noncommutativity of the Grassmannian θ
coordinates among them and with the space-time and TCC coordinates was shown to be
gauge independent. The constructed Dirac brackets revealed a deep dynamical role of the
original auxiliary spinor variables which manifests itself in their noncommutativity with the
space-time and TCC coordinates. The same effect was established for the D.B’s. of the space-
time coordinates with ρτ . Exclusion of the canonical pair (ρτ , P
(ρ)
τ ) from the total phase space
was shown to result in the appearance of the non-local factor 1
(vP v¯)
in the Dirac matrix Cˆ−1red
and, consequently, in the Dirac brackets. This peculiarity of the Dirac brackets changed by
(anti)commutators may turn out to be principal in the quantum picture of the string/brane
dynamics and we started the investigation of the nonlocality problem and calculated the
Dirac bracket realization of the global OSp(1|8) superalgebra. Moreover, the QˆPˆ-ordering
procedure for the superalgebra generators was applied and shown was that the potentially
dangerous terms in the superalgebra commutators vanish on the primary constraint surface.
Due to the first-class constraints presence among these primary constraints a room for the
anomaly presence is not yet excluded and a little bit more further investigation has to be
done. This is an objective of our paper under preparation [20], where the BRST procedure
for the quantization of the considered string/brane model is studied. Note also, that our
analysis is naturally applied for the super p-brane models preserving M−1
M
fraction of N = 1
supersymmetry in higher dimensions. In particular, this concerns the centrally extended
D = 11 superspace, where 31/32 fraction of N = 1 supersymmetry for the studied here
model of tensionless super p-brane is preserved [16]. Some additional details arising at the
transition from D = 4 to D = 11 can be found in the recent paper [21], where superstring
model preserving less number fractions of D = 11 N = 1 supersymmetry was considered.
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